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CONSTRUCTION MONITORING 
AND QUALITY ASSURANCE -
Pile Load Testing

1. Relate Pile Load Testing to Design 
Goals and Cost Savings

2. Interpret Pile Failure Load

ACTIVITIES: Question-Answer
Davisson’s Method
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Pile Load Testing

Pile Load Testing is the Most Positive 
Method of Determining Pile Capacity.
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Types of Load Tests

Routine
gStatic 
gDynamic 

Recently Developed
gOsterberg Cell 
gStatnamic
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Static Load Test Types 
ASTM D1143
gMaintained Load
gQuick Load (Texas Quick Test)
gConstant Rate of Penetration (CRP)
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Static Load Test - Test Setup
Reaction 
Beam Stiffeners

PlateLoad Cell Spherical Bearing
Ram

Hydraulic Jack Bourdon Gage

Dial GageLVDT

Mirror

Scale
Test 
Pile

Grade
Bracket Attached to Pile

Wire
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Typical Arrangement for Load 
Testing a Pile or Drilled Shaft

Reaction Beam

Jack
Dial 

Gage

Test Pile or 
Drilled Shaft

Support 
Beam

Anchor Pile or 
Drilled Shaft
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Static Load Test - Mechanism

Load (Q)

Pile Head

Telltale “A”
Telltale “B”

Telltale “A” Movement

Telltale “B”

Q1+Q2+Q3

Q1+Q2

Q1

Q1+Q2+Q3, etc.
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Dynamic Pile Testing
ASTM D4945
gMeasures strain and pile acceleration to 

predict capacity
gRequires experienced personnel to 

interpret results
gCorrelates well with static test results
gUsed for time-related capacity changes 
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Osterberg Load Test Concept

Qr

Qo

Rs

Rt
Qo

Rt

Rs

Conventional Osterberg

Expanding
Osterberg Cell

Reaction System 
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Osterberg Load Test Setup
Cell Expansion Telltale

Dial Gage 2 

Friction Collar 

Dial Gage 1

High Strength Pipe
Shaft Compression Telltale
Pile Top (Side Shear) 
Movement Gage

Reference Beam

Prestressed 
Concrete Pile

Osterberg Cell 
Cast Into Pile

Pile Shaft 
Resistance

Hand Operated 
Hydraulic Pump 
with Pressure 
Gage and 
Pressure 
Transducer 
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Osterberg Load Test Mechanism

Measured Shaft 
Friction Load 
Curve 

Measured End 
Bearing Load Curve 

Extrapolated 
Friction Curve 

Maximum 
Load 
from O-
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Statnamic Load Test Concept
Reaction 

Mass

Pressure 
Chamber

Pile

- FSin

+ FSin
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Statnamic Load Test Setup

Pressure Chamber 

Load Cell 
Base Plate Grouted to 
Foundation 

Concrete or Steel Reaction Mass

Loose Granular Fill 
Propellant  

Launching Cylinder
Piston Base
Displacement 
Measuring Means

Pile or Drilled Shaft
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Statnamic Load Test Mechanism

Load (MN)
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Examples of Cost Savings 
From Pile Load Testing
gWest Seattle Freeway - Major Project 

Design Phase Program
gNorth Carolina DOT - Coordinated 

Design Phase Programs
gOregon DOT - Routine Project Test 

Programs
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West Seattle Freeway Bridge
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West Seattle Freeway Bridge 
Design
gFriction Piles for all Foundations

- 36” Diameter Open-end Pipe Piles for Main 
Channel Piers  (24,000 LF driven)

- 24” Octagonal Prestressed Concrete Piles 
for Approach Piers (172,000 LF driven)
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West Seattle Freeway Bridge

Item Estimated
Saving

Remarks

Piles $ 9,000,000 -
Pile cap size $ 1,000,000 -
Test pile data
provided to
bidders

? Difficult to
quantify savings
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North Carolina Design Phase 
Load Test Programs

1,800,000 (2)998,00088,963,000Croatian 
Sound

1,200,000 (1)1,155,000122,800,000Oregon 
Inlet

1,357,000 (4)375,00033,923,000Chowan 
River

850,000 (5)276,00016,457,000New River

10,500,000 (11)310,00092,998,000Neuse 
River

Estimated 
Savings and (%)

Test Cost $ 
(Bid)

Project Cost 
$ (Bid)

Projects 
1994-1999
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North Carolina Design Phase 
Load Test Programs
gBenefits to Project Design

- Reduction in length
- Increase in capacity
- Reduced number of piles
- Driveability, jetting, and set-up evaluated
- Improved special provisions
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North Carolina Design Phase 
Load Test Programs
gBenefits to Project Construction

- Improved special provisions
- Restructured pay items
- Eliminated unsatisfactory alternates
- Established dynamic test criteria
- Established pile equipment requirements
- Reduced potential claims
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North Carolina Design Phase 
Load Test Programs
gBenefits of new technology verified….

- Pile driving analyser
- Osterberg cell axial test
- Statnamic axial & lateral test
- Integrity test procedures

….and applied to reduce the costs of 
subsequent test programs
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Cost Savings for Oregon DOT from 
Small Project Pile Load Tests

25%$135,00030’12¾” Closed 
end steel 
pipe 98’   

Airport 
Rd

20%$60,00010’12” Sq. 
Precast

Concrete 30’

Allen 
Blvd

26%$55,00010’12” Sq. 
Precast 

Concrete 30’

Denny 
Rd. 

Piling 
Saving

Net 
Savings

Length 
Reduction

Pile Size & 
Type

Bridge 
Location
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What Methods of 
Deep Foundation 
Load Testing Have 
Been Used in the 
Past 5 Years?
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Load Testing Points 
To Remember 
• Detailed Soil Investigation
• Technically Qualified Staff to 

Carry Out Test Program
• Use Production Pile & Driving 

Equipment
• Measure Pile Head and Tip 

Movement 
• Load to Failure
• Define Method to Interpret 

Failure Load
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Static Load Test
Factor of Safety

• May Need F.S. > 2 When 
Settlement May Control 
Safe Allowable Load

2F.S.
LoadFailure

TestLoad

=
LoadDesign

Safe
=
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Interpretation of the Failure 
Load by Davisson’s Limit
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STUDENT EXERCISE NO. 10  
Static Load Test 

Objective: 
Determine the failure load for the static load test
plot shown below.  Plot both the elastic line and
Davisson failure line for a 14″ square prestressed
concrete pile 35 feet in length and an F′c of 5,000 
psi (MODULUS OF ELASTICITY of 4,000 ksi).  
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CONSTRUCTION CONTROL
Pile Load Testing

1. Relate pile load testing to 
design goals and cost 
savings

2. Interpret pile failure load

Activity: Question-answer
Davisson’s Method 
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Site Exploration   
  
Basic Soil Properties  
  
Laboratory Testing  

Slope Stability  
 
Embankment 
Settlement 

 
 

  
Spread Footing Design 
 
Pile Design 

 

  
Construction Aspects  Instrumentation   

Wave Equation  
Hammer Approval  
 

  
 
 

 
 

  

 

APPLE FREEWAY
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APPLE FREEWAY

Design Check of Driveability of 12 X 84 
H-pile
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APPLE FREEWAY
Construction Monitoring

Hammer Approval
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APPLE FREEWAY

ICE 70S HAMMER APPROVAL
WAVE EQUATION  RESULTS OVER 75’ DEPTH
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APPLE FREEWAY PROBLEM
Construction Monitoring

Diesel Hammer Stroke vs. Blow Count @ 75’
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CONSTRUCTION ASPECTS 
 
 

 Pile Driveability 
 

Driveability of 12 x 84 H-Pile Section
verified for most difficult driving
condition. 

 
 
 Driveability versus Depth 
 

Driveability of 12 x 84 computed for
full 75' depth. 

 
Pile installation time expected to vary
between 16 and 20 minutes (no
preaugering). 
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STUDENT EXERCISE NO. 10  
Static Load Test 

Objective: 
Determine the failure load for the static load test
plot shown below.  Plot both the elastic line and
Davisson failure line for a 14″ square prestressed 
concrete pile 35 feet in length and an F′c of 5,000 
psi (MODULUS OF ELASTICITY of 4,000 ksi).  

 


